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HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers. L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. Abstract.-A new method for detection of zone-boundary phonons is reported. Phonons are detected by phonon difference absorption of far-infrared laser radiation. We present experimental results obtained for TlCl and TlBr crystals. Phonons are generated by nonradiative transitions in optically excited crystals. Our experiments indicate long-lived zone-boundary phonons at low crystal temperature and a strong decrease of the phonon lifetime with increasing temperature. Phonons are generated by radiationless phonon detection.
processes induced by optical excitation of the crystal. The radiationless processes lead to generation of high-frequency phonons which decay rapidly in TA phonons of the lower phonon branches. The optical absorption is due to impurity states of unknown origin. For the optical excitation second harmonic radiation of a Nd:YAG laser is used. The far-infrared laser radiation is absorbed mainly by phonons at the zone-boundary as has been shown by far-infrared absorption experiments at different crystal temperatures. ' The TA phonons involved in the absorption process have frequencies near 1 THz. 2 2. Results.-We find that the optical phonon generation leads to a reduction of sample transmission. Experimental signal curves obtained for different crystal temperatures are shown in Fig.2 . At low crystal temperature (TL 5 K) we find after the optical excitation a signal that decreases with a nonexponential slope. An analysis of the decay curve at longer times (not shown in Fig.2) indicates that a nontherma1 phonon population is maintained for about 100 us. After this time thermal equilibrium in the optically excited crystal volume is established. The decay curve (lower curve in Fig.2 ) can be described by two exponential curves, where the fast decay has a time constant of about 5 us. At higher temperatures the decay time of the fast decay decreases with increasing temperature, at 13 K (upper curve in Fig.2 ) the fast decay occurs within 1.5 us. After the fast decay, the signal curves reach an almost constant slope. Our results indicate that at higher temperatures thermal equilibrium is established very fast and that heat diffusion out of the excited volume occurs very slowly. We think that the fast signals are due to long-lived TA phonons. Our results indicate that the TA phonons have a lifetime of a few microseconds at low temperature and that the lifetime decreases strongly with increasing temperature.
The temperature dependence of the phonon lifetime is shown in Fig.3 for TlCl and TlBr crystals. We find that the lifetime for TlBr has a stronger decrease than the lifetime for TlC1. Fig.3 . Lifetimes of zone-boundary phonons in TlCl and TlBr.
3. Discussion.-According to nonlinear elasticity theory for isotropic dispersionless solids high-frequency LA phonons have short lifetimes at low crystal temperature due to anharmonic spontaneous decay, while TA phonons are not allowed to decay spontaneously. At higher temperatures TA phonons can decay by the interaction with thermal p h~n o n s .~ Our results can qualitatively be explained by the nonlinear elasticity theory. We attribute the lifetime at low temperature to mode conversion of the TA phonons into LA phonons caused by impurity scattering. At higher temperatures we obtain an additional decay mechanism caused by the interaction with thermal phonons. Our results are in qualitative agreement with predictions of theory.
4
1 Lengfellner, H. and Renk, K.F., Phys.Rev. Lett. 2, 1212 Lett. 2, (1981 .
2 Lengfellner, H., Rindt, R., and Renk, K.F., 2.Phys.B 2, 11 (1980) . 3 Slonimskii, G.L., 2h.Eksp. Teor.Fiz. ?, 1457 (1937 .
4 Orbach, R. and Vredevoe, L.A., Physics 1, 92 (1964) .
